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Abstract
Background—Nasal provocation tests
with lysine-aspirin have recently been
introduced for assessment of aspirin in-
tolerant asthma. A study was undertaken
to evaluate the usefulness of acoustic
rhinometry, a new non-invasive tech-
nique, in the diagnosis of aspirin intoler-
ant asthma/rhinitis.
Methods—Fifteen patients with aspirin
intolerant asthma/rhinitis (nine women,
mean (SD) age 54.7 (14) years), eight
patients with aspirin tolerant asthma/
rhinitis (three women, mean (SD) age 52.6
(7.8) years), and eight healthy subjects
(two women, mean (SD) age 32.5 (9.7)
years) were studied. All subjects were
challenged with saline (0.9% NaCl) and
25 mg lysine acetylsalicylic acid (L-ASA)
instilled into each nostril of the nose on
two separate days. The clinical response
was evaluated based on nasal symptoms
(sneezes, itching, secretion and blockage).
The nasal response was measured by
acoustic rhinometry. Symptoms and
rhinometry curves were recorded at 10
minute intervals for three hours, one hour
before challenge and two hours after chal-
lenge.
Results—L-ASA challenge induced a sig-
nificant increase in symptoms in patients
with aspirin intolerant asthma/rhinitis.
No diVerences in the clinical response
were detected in those with aspirin toler-
ant asthma/rhinitis or healthy subjects.
L-ASA challenge induced a significant
decrease in nasal volume measured by
acoustic rhinometry in aspirin intolerant
patients. No diVerences were detected
between the challenges in aspirin tolerant
patients. If a 25% decrease in nasal volume
is taken as the cut oV point, the specificity
of the test was 94% and the sensitivity
reached 73%. The nasal challenge was well
tolerated by all subjects.
Conclusion—Acoustic rhinometry may be
used to study the nasal response to
L-ASA. Nasal challenge with L-ASA is
safe and can be used as a diagnostic test
even in asthmatic patients with severe
bronchial obstruction.
(Thorax 2000;55:921–924)
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The Widal triad is a clinical syndrome charac-
terised by the presence in the same patient of
bronchial asthma, aspirin sensitivity, and
chronic rhinosinusitis with nasal polyposis.
These patients frequently suVer from a severe,
often steroid dependent, form of bronchial
asthma but they also have chronic rhinosinusi-
tis which is diYcult to manage, complicated by
recurrent nasal polyposis.1

There is substantial evidence to support the
notion that the processes aVecting the nose and
the lower airways share common pathogenic
mechanisms. Increased numbers of activated
eosinophils, mast cells, and T lymphocytes are
usually found in these conditions.2 3 The basic
mechanism underlying sensitivity to aspirin
involves inhibition of cyclo-oxygenase with
subsequent release of cysteinyl leukotrienes in
the lower and upper airways.4–6 The phenom-
enon of sensitivity to aspirin (acetylsalicylic
acid, ASA) provides additional evidence for
common pathogenic mechanisms in ASA
induced rhinitis and ASA induced asthma.

Oral ASA challenge induces both bronchial
and nasal reactions in most patients with ASA
intolerant asthma/rhinitis. Direct challenge of
either the airways or the nose with lysine-ASA
(L-ASA) induces an increase in cysteinyl
leukotriene production.4–6

Oral ASA and inhaled L-ASA challenges are
commonly used to investigate aspirin intoler-
ant asthma for diagnostic and research
purposes.7 The main limitation of the oral test
is the possibility of inducing severe systemic
and bronchospastic responses. The inhaled test
is better tolerated and the only risk derives
from excessive bronchospasm. For safety
reasons, neither test can be used in patients
with moderate or severe bronchial obstruction
(patients must have a forced expiratory volume
in one second (FEV1) of 65% or higher than
predicted).7 In contrast, the nose can be
challenged repeatedly without any apparent
risk, even in patients with severe bronchial
obstruction.8 Patriarca et al9 were the first to
use the aspirin nasal challenge for diagnostic
purposes. Although there are arguments in
favour of the use of nasal challenge to
investigate ASA intolerance, the usefulness of
this method in the diagnosis of this syndrome
has only recently been investigated using
rhinomanometry. Rhinomanometric measure-
ment requires the generation of nasal flow. The
presence of nasal polyps in aspirin sensitive
patients usually makes it diYcult to generate
nasal flow, especially when nasal obstruction
increases after the instillation of L-ASA.
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Acoustic rhinometry is a non-invasive tech-
nique in which the nasal geometry is assessed
by means of a reflected sound. The experimen-
tal equipment needed for the acoustic reflec-
tion measurement of nasal airways volume
includes a trigger module to produce the
acoustic pulse, a wave tube, a piezoelectric
microphone, an amplifier, and an analogue/
digital converter. This method involves the
measurement of acoustic reflections from the
nasal cavity of a sound pulse created by a spark
in a sound tube connected to the nasal cavity
via a nosepiece. The results are presented as a
curve describing the cross sectional area of the
nasal cavity as a function of the distance from
the nostril.10 This technique has been applied
with good results in otorhinolaryngological
conditions11–13 where it has been shown to have
better repeatability and validity than classical
rhinomanometry.14 Unlike rhinomanometry,
acoustic rhinometry does not require genera-
tion of nasal flow and therefore its use is less
limited by the presence of nasal polyps and/or
nasal obstruction. These drawbacks meant that
Milewski et al8 could not perform rhinomano-
metric evaluation in 20% of their patients with
aspirin intolerant asthma/rhinitis.

Our study aimed to determine the usefulness
of acoustic rhinometry in the diagnosis of aspi-
rin intolerance. Our main objective was to
establish several cut oV points in the percent-
age fall in the nasal volume and to evaluate
their sensitivity and specificity in the diagnosis
of aspirin sensitive asthma.

Methods
PATIENTS

Fifteen asthmatic patients with a clear cut his-
tory of aspirin intolerant asthma and rhinitis
were included in the study. In eight patients
who had only had one attack of asthma and
rhinitis precipitated by aspirin or related drugs,
aspirin sensitivity was confirmed by an oral
ASA challenge according to the method
described elsewhere.15 In seven patients with
more than one attack precipitated by various
non-steroidal inflammatory drugs, the oral
challenge was not performed.

Eight patients with aspirin tolerant asthma
and rhinitis challenged with 500 mg ASA with
negative results and eight healthy control
subjects who were not orally challenged were
also included.

The doses of nasal and oral corticosteroids
were not changed during the course of the
study.

All subjects gave informed consent to
participate in the study which was approved by
the local ethical committee.

NASAL CHALLENGE PROCEDURE

All subjects were challenged with saline (0.9%
NaCl) and 25 mg L-ASA instilled into each
nostril of the nose. Nasal challenge was
performed with the patient seated. The nasal
response was evaluated by acoustic rhinometry
and the clinical response by scoring the subjec-
tive nasal symptoms. The clinical symptoms
score included rhinorrhoea, nasal blockage,
itching of the nose, palate or throat, and sneez-

ing. The intensity of symptoms was scored
from 0 = none to 10 = very severe for
rhinorrhoea and blockage, 0 = absent and 1 =
present for itching and the number of sneezes.
The sum of the individual scores was calcu-
lated as a composite nasal score.

Nasal symptoms and nasal volume were
measured in the first 30 minutes at 10 minute
intervals (period 1). Anterior rhinoscopy was
performed to evaluate the presence or absence
of nasal polyps and 80 µl 0.9% NaCl was then
instilled into each inferior turbinate with an
Eppendorf pipette and the symptoms and nasal
volume were assessed at 10 minute intervals for
an additional 30 minutes (period 2).

To perform the aspirin challenge 900 mg
L-ASA (Aspisol; Bayer, Germany) was diluted
in 2.8 ml 0.9% NaCl and 80 µl of this solution,
representing 25 mg L-ASA, was applied to
each inferior turbinate. Nasal symptoms and
volumes were measured after L-ASA instilla-
tion at 10 minute intervals for two hours
(period 3).

The placebo challenge was performed with
the same protocol using the same volume of
0.9% NaCl.

The study was double blind and each patient
was challenged with L-ASA and placebo. Both
challenges were separated by at least one week
and performed in a random order.

ACOUSTIC RHINOMETRY

A detailed description of the acoustic rhino-
metry technique can be found elsewhere.10 11

We used an acoustic rhinometer (SRE2000PC,
SR Electronics ApS, Lynge, Denmark). This
technique makes it possible to obtain a curve of
the cross sectional area at diVerent positions in
the nostril, and a software program enables the
volume of each nostril, the minimal cross
sectional area, and its distance from the
nosepiece to be calculated. Rhinometric meas-
urements were performed while the subject was
in apnoea after a non-forced expiration. The
volume of the nasal cavity was measured from
the distal extreme of the nosepiece to 12 cm
from the rear.

The rhinometer was calibrated daily with a
calibration tube provided by the manufacturer.

ANALYSIS OF DATA

The primary variable studied was the variation
in the total nasal volume obtained by the sum
of the nasal volume measured in each nostril
from which the percentage change in nasal vol-
ume (%NV) was calculated. During periods 1
and 2 the %NV was obtained using the first
nasal volume measurement (time 0) as the
baseline value. During period 3 the %NV was
calculated by taking the nasal volume 30 min-
utes after instillation of saline as the baseline
value (time 60).

Since the nasal volume and %NV values
were not normally distributed, a logarithmic
transformation was applied to the data before
formal analysis. Another variable studied was
the change in the subjective composite symp-
tom score at the same time intervals as the
nasal volume.
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We initially performed a descriptive analysis
of the baseline characteristics (age, sex, and
presence of nasal polyps) for each group using
the Student’s t test and ÷2 test. Multivariate
analysis (ANOVA of repeated measures) was
used, including in the model both the variables
distributed diVerently in the groups and the
variables considered to be clinically relevant.

Statistical analysis was performed with a
MLn program (Multilevel Models Project,
Institute of Education, University of London,
UK). The results were considered statistically
significant if the p value was <0.05.

Results
Thirty one subjects (14 women) of mean (SD)
age 48 (15) years were studied. Fifteen subjects
had aspirin intolerant asthma/rhinitis, eight
had aspirin tolerant asthma/rhinitis, and there
were eight healthy control subjects. Fourteen
patients (45%) had nasal polyposis. The base-
line characteristics of the subjects are shown in
table 1. The groups diVered in age and
presence of nasal polyps. The mean age of the
healthy group was significantly lower than the
other two groups. The mean baseline nasal
volume was also significantly diVerent between
healthy subjects and patients. There was a ten-
dency to a slight but non-significant decrease in
the nasal volume during the first hour (periods
1 and 2) in the three groups (data not shown).

Figure 1 shows the %NV after L-ASA and
placebo in the three groups. There were no dif-
ferences in the response to placebo between the
three groups. In contrast, a significant decrease
in the nasal volume was found from 50 minutes
to the end of the study in patients with aspirin
intolerant asthma/rhinitis compared with aspi-
rin tolerant asthmatics and healthy subjects.

Intranasal challenge with L-ASA induced a
significant increase in clinical symptoms,
mainly nasal congestion and rhinorrhoea, 30
minutes after L-ASA instillation compared
with saline in aspirin intolerant patients. No
patient complained of itching. L-ASA did not
induce sneezing in any patient. Congestion and
rhinorrhoea reached their maximum value at
40 minutes after L-ASA challenge and lasted
up to the end of the study (data not shown).
Although one patient with aspirin tolerant
asthma/rhinitis developed transient sneezing
and congestion 10 minutes after L-ASA instil-
lation, no diVerences in the clinical response to
L-ASA and saline were found either in aspirin
tolerant patients or healthy subjects (data not
shown).

The relationship between subjective nasal
symptoms and changes in nasal volume,

expressed as log %NV, were analysed. Follow-
ing L-ASA challenge an increase of one unit in
the symptom score was associated with a mean
(SD) decrease of 2.4 (0.3) in the log %NV
(p<0.001) in patients with aspirin intolerant
asthma/rhinitis. There was no relationship
between changes in symptoms and nasal
volume with placebo.

The specificity and sensitivity of the nasal
challenge in the diagnosis of aspirin sensitive
asthma was evaluated by trade oV (ROC test).
We assessed the sensitivity and specificity of
several cut oV points in the decrease in log
%NV (with two consecutive measures under
each cut oV point). A 25% decrease in nasal
volume was found in at least two consecutive
determinations to be the best cut oV point.
With this percentage decrease the specificity of
the test was 94% and the sensitivity 73%.

Four of the 15 patients with aspirin intoler-
ant asthma/rhinitis had a decrease in nasal vol-
ume of 25% or more following L-ASA
challenge. In contrast, only one patient with
aspirin tolerant asthma/rhinitis and none of the
healthy subjects had a decrease in nasal volume
of more than 25%.

The nasal test was well tolerated by all sub-
jects. Aspirin intolerant patients did not
experience any clinical deterioration during the
procedure. The challenge caused only minor
nasal symptoms, similar to those present
during spontaneous exacerbations of the dis-
ease. Spirometric evaluation was not per-
formed because forced ventilatory manoeuvres

Table 1 Characteristics of study subjects

AIAR (n=15) ATAR (n=8) Controls (n=8)

Mean (SD) age/range 55 (14)/34–70 53 (8)/41–64 32 (10)/24–53
M:F 6:9 5:3 6:2
FEV1 (% predicted)/range 64 (22)/27–96 81 (12)/58–99 88 (3)/81–98
Intranasal corticosteroids

No of patients 14 8 0
Dose (µg/day)/range 520/400–1000 400/200–800 0

Oral prednisone
No of patients 4 1 0
Dose (µg/day)/range 8.3/5–15 5 0

AIAR = aspirin intolerant asthma/rhinitis; ATAR = aspirin tolerant asthma/rhinitis.

Figure 1 EVects of (A) placebo and (B) L-ASA on
percentage change in nasal volume (%NV) measured by
acoustic rhinometry. Values are represented as mean and
95% confidence intervals. Absence of any superimposition
of confidence intervals reveals statistically significant
diVerences. There were no diVerences in the response to
placebo between the three groups. In contrast, a significant
decrease in the nasal volume was found at 50 minutes in
patients with aspirin intolerant asthma/rhinitis (AIAR)
compared with patients with aspirin tolerant
asthma/rhinitis (ATAR) and healthy controls (HC).
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would have altered the nasal response (per-
sonal observation).

Discussion
This study has shown that nasal challenge with
L-ASA is easy to perform and is well tolerated.
Nasal provocation with L-ASA induced nasal
symptoms almost exclusively in patients with
aspirin intolerant asthma/rhinitis, indicating
the high specificity of intranasal challenge with
L-ASA. None of these patients, some of whom
were severely obstructed, developed bronchial
symptoms, which suggests that nasal instilla-
tion of L-ASA can be used safely in these
patients.

We used acoustic rhinometry in the evalua-
tion of the nasal response. This study demon-
strates for the first time the eVects of nasal
congestion precipitated by L-ASA on acousti-
cally determined volumes of the nasal cavity. In
aspirin intolerant patients topically adminis-
tered L-ASA resulted in substantial decreases
in the nasal volume. The procedure is very
simple and requires minimal time and coopera-
tion from the subjects. The measurements are
taken during apnoea10 11 and previous studies
have shown very good reproducibility and
repeatability.15 All these findings suggest that
acoustic rhinometry is at least as useful as
anterior rhinomanometry in the evaluation of
aspirin intolerant asthma/rhinitis.

A spontaneous decrease in the nasal volume
was noted while subjects remained seated for
the first hour of observation. Although this
change was not statistically significant, it
should be taken into account when nasal chal-
lenges are used for research or diagnostic pur-
poses. A stabilisation period of at least 30 min-
utes should be included in the procedure to
obtain an adequate baseline value. This initial
decrease in nasal volume probably reflects the
sensitivity of the nose to changes in position or
environmental temperature.16 17

The sensitivity and specificity of several cut
oV points was assessed and the best cut oV
point was found to be a fall in the nasal volume
of at least 25% in two consecutive measure-
ments. In our study, however, nasal challenge
has a moderate sensitivity in the diagnosis of
asthma and rhinitis induced by aspirin. This
was probably due, at least in part, to the fact
that we used a single dose of L-ASA. A test
using progressively increasing doses of L-ASA,
as in the inhaled method, might increase the
sensitivity of the test but could also increase the
potential risk of severe local, bronchial, or sys-
temic reactions. Previous studies have shown
that the use of doses of 30 mg or higher of
L-ASA cause considerable irritation of the
nasal mucosa.6 8 The sensitivity and specificity
of our method (using 25% decrease in nasal
volume as the cut oV point) was similar to that
reported by other authors using
rhinomanometry.8 Although corticosteroid
treatment may reduce the bronchial reactions

precipitated by L-ASA in patients with aspirin
intolerant asthma,18 in our study positive reac-
tions occurred in patients receiving nasal and
oral corticosteroids. The doses of nasal and
oral corticosteroids were no higher in aspirin
intolerant patients with a negative test than in
those with a positive response.

We conclude that acoustic rhinometry may
be reliably used to study the nasal response
after a provocative challenge with L-ASA.
Nasal challenge with L-ASA is safe and can be
used as a diagnostic test. It might be of use in
the study of aspirin sensitivity in patients with
severe bronchial obstruction in whom neither
the oral nor the inhaled test can be used. Since
its use is less limited than anterior rhinometry
by the presence of nasal polyps and severe nasal
obstruction, acoustic rhinometry can be con-
sidered a useful method in the study and diag-
nosis of aspirin intolerance.
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